The chemical constituents of the essential oil obtained by hydrodistillation of the leaves of Eugenia triquetra O. Berg, collected in Táchira State, Venezuela, were identified by GC-MS analysis. Twenty-six components, which made up 88.5% of the oil, were identified. The major constituents were linalool (17.5%), limonene (16.9%), α-pinene (11.6%), β-pinene (8.7%), and p-cymene (3.7%). The essential oil was tested against third-instar larvae of Aedes aegypti, showing a LC 50 value of 64.8 ± 5.6 ppm.
Aedes aegypti L. is the vector known to carry dengue and yellow fever diseases, which are responsible for an important number of cases of morbidity and mortality around the world [1] . The ideal method for controlling mosquito infestation is the prevention of mosquito breeding through the use of larvicides. The control of mosquito larvae depends on applications of organophosphates such as temephos. However, resistance, toxicity and adverse effects on the environment have guided research to look for alternative products to control A. aegypti [2] .
The demand for natural and non-persistent insecticides is gradually increasing and essential oils are outstanding candidates since they are a rich source of bioactive compounds, biodegradable into nontoxic products and readily available. Several essential oils have been tested to confirm this activity [3] [4] [5] .
The Myrtaceae family comprises trees and shrubs classified into approximately 130 genera and 4600 species distributed in subtropical and tropical zones [6] . Eugenia L, is one of the largest genera of this family with more than 1000 species [7] . Several plants of this genus are important both as edible fruits and because of their medicinal properties [8, 9] . For example, constituents of E. sandwicensis show cancer chemopreventive activity [10] , E. umbelliflora leaves possess gastroprotective and antifungal activity [11, 12] , and the fruit-pulp of E. jambolana demonstrates an antihyperglycemic effect [13] . E. triquetra O. Berg, is a shrub about one meter in height. An hypoglycemic activity has been found for the chloroform extract of this plant [14] .
Essential oils from different Eugenia species have biological activity. The oil from E. caryophyllata (syn. Syzygium aromaticum) has shown anticonvulsant activity [15] . E. uniflora, E. austin-smithii and E. haveri essential oils have antimicrobial and cytotoxic activities [16, 17] ; also, E. cartagensis essential oil has cytotoxic activity against HCT-15 and SW620 human colorectal carcinoma cells [18] . The essential oils of E. caryophyllus and E. dysenterica have shown antioxidant and antifungal properties [19, 20] .
The composition of more than thirty essential oils from Eugenia species has been reported. Three components: α-pinene, β-caryophyllene, and bicyclogermacrene are the major constituents [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The chemical composition of the essential oil of E. triquetra collected in the Venezuelan Andes and its mosquito larvicidal activity is reported in the present work. Leaves of E. triquetra were hydrodistilled yielding 0.09% of essential oil. GC-MS analysis allowed the identification of twenty-six compounds (88.5% of the sample), which are listed in Table 1 . The major constituents were linalool (17.5%), limonene (16.9%), α-pinene (11.6%), β-pinene (8.7%), and p-cymene (3.7%).
The mosquito larvae test showed that essential oil concentrations of 500 and 100 ppm produced 100% mortality of third-instar larvae of Aedes aegypti. The probit analysis estimated a LC 50 value of 64.8 ± 5.6 ppm, but the corrected mortality (Abbot´s formula) could not be calculated because the mortality in the controls was zero. This LC 50 value is at least equal to or lower than those reported for the larvicidal activity of the essential oils from two Cuban Myrtaceae on Aedes aegypti: Psidium rotundatum (LC 50 = 63 ppm) and Eugenia melanadenia (LC 50 = 85 ppm) [30] .
Previous results, developed with pure compounds, showed that the major components of E. triquetra essential oil had different grades of activity against A. aegypti larvae. For example, α-and β-pinene showed an outstanding larvicidal effect with LC 50 values of 15.4 and 12.1 ppm, respectively [31] . Limonene exhibited strong activity against fourth-instar larvae with a LC 50 value of 18.1 ppm [3] , whilst another study reported a value of 37 ppm for R-limonene [2] . On the other hand, (+/-) linalool proved to be poorly active, with LC 50 values over 50 ppm [32, 33] . These results suggest that α-pinene and limonene in E. triquetra essential oil could be the main compounds responsible for the larvicidal activity. 
Experimental

Isolation of the essential oil: Fresh leaves (1000 g)
were cut into small pieces and subjected to hydrodistillation for 3 h using a Clevenger-type apparatus. The oil (0.08% yield) was dried over anhydrous sodium sulfate and stored at 4ºC.
Gas chromatography: GC analyses were performed using a Perkin-Elmer AutoSystem gas chromatograph equipped with a flame ionization detector and data handling system. A 5% phenylmethyl polysiloxane fused-silica column (AT-5, Alltech Associates Inc., Deerfield, IL), 60 m x 0.25 mm, film thickness 0.25 μm, was used. The initial oven temperature was 60°C; it was then heated to 260°C at 4°C/min, and the final temperature maintained for 20 min. The injector and detector temperatures were 200°C and 250°C, respectively. The carrier gas was helium at 1.0 mL/min. The sample was injected using a split ratio of 1:10. Retention indices were calculated relative to C 8 -C 24 n-alkanes, and compared with values reported in the literature. The area normalization method was used to calculate the percentage composition of the essential oil [34] .
Gas chromatography-mass spectrometry: GC-MS analyses were carried out on a Model 5973 Hewlett-Packard GC-MS system fitted with a HP-5MS fused silica column (30 m x 0.25 mm i.d., film thickness 0.25 μm, Hewlett-Packard). The oven temperature program was the same as that used for the HP-5 column for GC analysis; the transfer line temperature was programmed from 150ºC to 280ºC; source temperature, 230ºC; quadrupole temperature, 150ºC; carrier gas, helium, adjusted to a linear velocity of 34 cm/s; ionization energy, 70 eV; scan range, 40:500 amu; 3.9 scans/s. Sample (1.0 μL) was injected using a Hewlett-Packard ALS injector with a split ratio of 50:1. The identity of Essential oil composition and larvicidal activity of Eugenia triquetra Natural Product Communications Vol. 5 (6) 2010 967 the oil components was established from their GC retention indices, by comparison of their MS with those of standard compounds available in the laboratory, and by a library search (NIST, 05) [35] [36] [37] .
Larvicidal bioassay
Mosquito strain: Aedes aegypti larvae were obtained from a colony reared in the Laboratorio de Ecología de Insectos, Universidad de Los Andes, Venezuela.
Larvicidal test:
The larval susceptibility test was developed following the World Health Organization standard method [38] . A suitable amount of essential oil of E. triquetra was dissolved in distilled water using 1.5% dimethylsulfoxide (DMSO) to produce a stock solution of 500 ppm. This stock preparation was used to obtain concentrations of 100, 75, 50, 25, 10, 5 and 1 ppm. Two hundred mL of each dilution was poured into 4 plastic containers. Fifteen third-instar larvae of A. aegypti were transferred to the test solutions. A negative control using DMSO 1.5% and water was carried out in parallel. As a positive control, Temephos (0.001-0.5 ppm) was used. After 24 h, the number of dead larvae was counted and the lethal percentage calculated. The larvae were considered dead if they were immobile and unable to reach the water surface. Four replicates for each concentration and 4 replicates for the controls were made. The tests were conducted at 26ºC ± 2ºC. LC 50 values (the concentration at which 50% of the larvae were killed) were calculated by probit analysis using BioStat 2007 Software (AnalystSoft Company).
The bioassays were performed at the Laboratorio de Química Ecológica, Facultad de Ciencias, Universidad de Los Andes.
